The ultradian clocks of eukaryotic microbes: timekeeping devices displaying a homeostasis of the period.
Temperature compensation of their period is one of the canonical characteristics of circadian rhythms, yet it is not restricted to circadian rhythms. This short review summarizes the evidence for ultradian rhythms, with periods from 1 minute to several hours, that likewise display a strict temperature compensation. They have been observed mostly in unicellular organisms in which their constancy of period at different temperatures, as well as under different growth conditions (e.g., medium type, carbon source), indicates a general homeostasis of the period. Up to eight different parameters, including cell division, cell motility, and energy metabolism, were observed to oscillate with the same periodicity and therefore appear to be under the control of the same central pacemaker. This suggests that these ultradian clocks should be considered as cellular timekeeping devices that in fast-growing cells take over temporal control of cellular functions controlled by the circadian clock in slow-growing or nongrowing cells. Being potential relatives of circadian clocks, these ultradian rhythms may serve as model systems in chronobiological research. Indeed, mutations have been found that affect both circadian and ultradian periods, indicating that the respective oscillators share some mechanistic features. In the haploid yeast Schizosaccharomyces pombe, a number of genes have been identified where mutation, deletion, or overexpression affect the ultradian clock. Since most of these genes play roles in cellular metabolism and signaling, and mutations have pleiotropic effects, it has to be assumed that the clock is deeply embedded in cellular physiology. It is therefore suggested that mechanisms ensuring temperature compensation and general homeostasis of period are to be sought in a wider context.